3GPP TSG-RAN WG1 Meeting #112	R1-2300135
Athens, Greece, February 27 – March 3, 2023

Agenda Item:	5
[bookmark: _GoBack]Source:	Huawei, HiSilicon
Title:	Discussion on reduced 1024QAM capability
Document for:	Discussion and Decision

Introduction
1. 
In this paper, we discuss the questions in RAN2 LS [1] regarding reduced 1024 QAM capabilities and propose corresponding answers.
Discussion
In LS [1], RAN2 provided the agreements and assumptions made in RAN2, and ask RAN1 to confirm the assumptions and to provide feedback if any.
· Assume to Extend supportedModulationOrderDL to include 1024 QAM (confirm with R1).
In RAN1#108-e meeting, the related agreement is to follow the legacy 256QAM for supportedModulationOrderDL, i.e., if it’s not reported by UE, then the max modulation order for calculation of max data rate follows the highest modulation order supported by UE, which was captured in TS 38.306.
	supportedModulationOrderDL
Indicates the maximum supported modulation order to be applied for downlink in the carrier in the max data rate calculation as defined in 4.1.2. If included, the network may use a modulation order on this serving cell which is higher than the value indicated in this field as long as UE supports the modulation of higher value for downlink. If not included:
-	for FR1, the network uses the modulation order signalled per band i.e. [pdsch-1024QAM-FR1] when [pdsch-1024QAM-FR1] is signalled for the band, otherwise the network uses the modulation order signalled in pdsch-256QAM-FR1.
-	for FR2, the network uses the modulation order signalled per band i.e. pdsch-256QAM-FR2 if signalled. If not signalled in a given band, the network shall use the modulation order 64QAM.
In all the cases, it shall be ensured that the data rate does not exceed the max data rate (DataRate) and max data rate per CC (DataRateCC) according to TS 38.214 [12].



Another option is to explicitly indicate the supported modulation order for max data rate calculation as legacy for modulation orders lower than 256QAM. From RAN1 point of view, there’s no difference on implicit or explicit indication of supportedModulationOrderDL.
However, in LS [1], RAN2 has decided to include 256QAM and 1024QAM in supportedModulationOrderDL, to avoid any potential issue in future extension. We do not identify any issue from RAN1 perspective. Therefore,
Proposal 1: the following is confirmed from RAN1 perspective:
· Assume to Extend supportedModulationOrderDL to include 1024 QAM.

· Assume that Max data rate shall be derived from the higher data rate between 1024 QAM or 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability (confirm with R1)
The max data rate is calculated according to the #layers, max modulation order, scaling factor etc. reported by UE, in order to limit the gNB scheduling so that the scheduled PDSCH/PUSCH does not exceed UE capability. If UE reports support 1024QAM with up to 2 layers, then a higher data rate can be achieved using 256QAM with 4 layers, which is still within the UE processing capability. Therefore, the higher data rate between 1024QAM and 256QAM should be used as the max data rate.
Proposal 2: the following is confirmed from RAN1 perspective:
· Assume that Max data rate shall be derived from the higher data rate between 1024 QAM or 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability

· Assume to Clarify that both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled (confirm with R1)
Considering that there are legacy gNB, it should be clarified that both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included in one CC, and legacy scalingFactor is used when non-1024 QAM is scheduled. Therefore,
Proposal 3: the following is confirmed from RAN1 perspective:
· Assume to Clarify that both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled


Conclusion
In this contribution, we discuss the assumptions in RAN2 LS [1], and have the following proposals:
Proposal 1: the following is confirmed from RAN1 perspective:
· Assume to Extend supportedModulationOrderDL to include 1024 QAM.
Proposal 2: the following is confirmed from RAN1 perspective:
· Assume that Max data rate shall be derived from the higher data rate between 1024 QAM or 256 QAM for CC where 1024 QAM is indicated and the UE support reduced 1024 capability
Proposal 3: the following is confirmed from RAN1 perspective:
· Assume to Clarify that both scalingFactor and scalingFactor-1024QAM-FR1-r17 can be included for in one per CC capability and legacy scalingFactor is used when non-1024 QAM is scheduled
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